ABSTRACT
Introduction
Coronary artery disease (CAD) most often results from an increase in the plasma levels of low-density lipoprotein cholesterol (LDL-C) and modifications in the metabolism of this lipoprotein, associated to other risk factors 1 . To decrease the high morbidity and mortality rates associated to CAD, other approaches such as lifestyle changes should be instituted in parallel with drug therapy 2 .
The placenta transfers up to 50% of the fatty acids needed by the fetus during the third trimester pregnancy. The presence of lipoprotein lipase in other placental membranes results in the degradation of triglycerides and lipoproteins, particularly verylow density lipoprotein (VLDL) 3 . Increased levels of high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) in the umbilical venous plasma may be due to increased placental permeability, resulting in the transfer of cholesterol to the fetal circulation 4 .
The structure of the extracellular matrix (ECM) is related to its role in regeneration, scarring and fibrosis. The synthesis and degradation of ECM components depend on processes of morphogenesis, scarring and chronic fibrosis. The ECM is composed of fibrous proteins, such as collagen and elastin, adherent glycoproteins, proteoglycans and hyaluronic acid, grouped in the interstitial matrix and basal membrane. The interstitial matrix is distributed among epithelial and endothelial cells and smooth muscle fibers, and includes components such as fibrillar and nonfibrillar collagen and elastin 5, 6 . Collagen type VIII, one of the ECM components, is responsible for the reorganization observed during experimental atherosclerosis.
Collagen deposition, associated to cholesterol levels, probably has a role in the structural and functional remodelling of the intima 7 .
Collagen and elastin are the main components of the extracellular matrix and arterial walls, ensuring the elasticity and maintenance of vessels walls. They are less flexible in the walls of damaged blood vessels, which are harder and have reduced vascular compliance in hypertension 8 .
Elasticity is important for the adequate function of blood vessels, skin, uterus and lungs. The tensile strength is provided by proteins of the collagen family, and elastic fibers give to the tissue the ability to recoil and extend to the original length many times after tension. Elastin exists in abundance in the walls of large blood vessels such as the aorta, as well as in the uterus, skin and ligaments 5, 6 .
The present study aimed to compare the vascular and cellular morphology of the placenta in hypercholesterolemic or normal female rabbits, and to analyze placental permeability to lipoproteins as well as its effect on the metabolism of collagen in fetal vessels (coronary and abdominal aorta).
Methods
Fifteen adult New Zealand White rabbits were used in this experimental study. During the initial period, the animals were maintained in individual cages, at 18 o C to 24 o C, and were fed on a standard rabbit's diet (Nuvilab rabbit chow) and water ad libitum.
After breeding, the females were divided into two groups. Five rabbits (group 1) received a hypercholesterolemic diet, and 10 rabbits (group 2) were fed with a normal diet.
The hypercholesterolemic diet was prepared with 0.5% (w/w) cholesterol/kg diet (5 g cholesterol and 150 g coconut fat/kg rabbit chow).
On day 30, the female rabbits were anesthetized Results were recorded with the Microsoft Excel software.
Statistical analyses were performed with the non-parametric Mann-Whitney and Student's t test, using the SPSS 14 software.
The significance level was established at 5% (p<0.05). The experimental protocol was approved by the institutional Research Ethics Committee.
Results
As presented in Table 1 , samples from group 1 (hypercholesterolemic) rabbits presented significantly higher levels of CT, HDL-C, TG and LDL-C than samples from group 2 (normocholesterolemic) animals (p≤0.001) ( Table 1 and Figure 1 ). Collagen levels were higher in fetuses of the hypercholesterolemic group, in samples collected from the three tissues: aorta (p≤0.026), placenta (p<0.002) and coronary (p<0.001) ( Table 2) . 
Discussion
As presented in Table 1 , higher levels of the lipoproteins CT, TG and LDL-C were observed in animals from group 1 as compared to group 2 (p<0.001). HDL-C levels were also higher in group 1 (p=0.001). These results confirm that rabbits from group 1 became hypercholesterolemic after receiving the hypercholesterolemic diet and validate the experimental model used in this study 4, 9 .
The increase in HDL-C levels observed in rabbits from group 1 represents a protective factor 1 . Previous studies have shown that, in CAD, levels of HDL-C above 40 mg/dl are protective and are associated to decreased risk for atherosclerosis 1, 10 . As shown in Table 1 , however, the levels of the other lipoproteins investigated (CT, TG and LDL-C) were also high, representing a risk factor for CAD even with normal levels of HDL-C. Opposite results were observed for animals in group 2, where low HDL-C levels do not protect against CAD, even with normal levels for the other lipoproteins investigated.
The high LDL-C levels observed in group 1 show that the special diet induced hypercholesterolemia in the rabbits, with a consequent susceptibility to the atherogenic process in artery walls. High levels of LDL-C have been previously reported in similar studies 4, 11 .
Increased TG levels in group 1 indicate mixed hyperlipidemia, a condition characterized by high levels of LDL-C (≥160 mg/dl) and TG (≥150 mg/dl)
1
. The existence of mixed hyperlipidemia and the significant differences observed between the experimental groups suggest the development of atherosclerotic processes in animals fed with the hypercholesterolemic diet. Analyses of coronary and abdominal aorta samples from fetuses of hypercholesterolemic rabbits, presented in Table 2, show the effect of cholesterol, transferred from the mothers to the fetuses, on collagen synthesis. Similar results were observed for the placentas analyzed.
The present study showed abundant presence of collagen in arteries, in higher amounts in samples from group 1 than in group 2, supporting the fact that collagen at physiological concentrations provides tensile strength in blood vessels. In elastic arteries, the media layer is rich in elastic fibers 5 Our results showed that a diet enriched in 0.5%
cholesterol is sufficient to raise the level of plasma cholesterol resulting in increased amounts of collagen in arterial walls, a basic component of atherosclerosis with formation of atherosclerotic plaques. The process is also seen in blood vessels in cases of high blood pressure, with a role in remodelling and recovery of the vessel after atherosclerosis develops [12] [13] [14] .
In this study, we observed a concentration of collagen in the placenta of hypercholesterolemic animals ( Table 2 
Conclusion
Vascular dysfunction in coronary artery and abdominal aorta in fetuses of female rabbits feeded with cholesterol-enriched diet stresses the importance of prenatal control of lipoprotein levels, as a preventive factor against the early development of atherosclerosis.
